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Abstract: 
Berry fruit and minor fruit represent a small portion of the total Italian fruit production, 
however they play a role of considerable interest in relation to the content of nutraceuticals. Among these 
substances can be listed vitamins, minerals, polyphenols, flavonoids and anthocyanins. The nutraceutical 
properties of these compounds are mainly concerned with the antioxidant activity that neutralizes the 
effects of free radicals, which contribute to cause oxidative damage to various cellular components. 
Numerous studies have shown that antioxidants reduce the occurrence of many diseases, including 
certain types of cancer. Consumers are increasingly concerned to the choice of their food, supporting both 
the search of organoleptic properties and quality, in the nutrition healthy sense too. These consumers are 
known as "conscious consumers" because their choices are focused on all aspects of quality, considering 
every sense of the term (organoleptic, nutritional, healthy and environmental). 
 
INTRODUCTION 
      The role of phenols have been studied since long time on fruit and on wine; in the latter tannins, resveratrols 
and anthocyanins are considered as very active in contrasting in vitro and in vivo lipidic oxidation (Tamura, 
Yamagami, 1994; Castino, 1996; Teissedre et al., 1996). The polyphenolic activity assessed on wine is higher 
than that given by the sum of the single compound activity (Frankel et al., 1995). The amount of total 
polyphenol content in fruit are reportet in table 1. 
Anthocyanins, which are photoprotectants and allelopatic compounds, have nutritional properties, including 
antioxidant, anti-inflammatory, estrogenic and cardiovascular properties, atherogenesis adjuvants and anti-tumor 
activities. They are mainly found in tegumental tissues, such as in epidermal cells and foliar hairs (Harborne, 
Williams, 2000). At cellular level, however, these pigments are mainly localized in the vacuole (Winkel-Shirley, 
2001), or translocated towards the cell wall (Markham et al., 2000, 2001). It has been suggested that 
anthocyanin transport into the vacuole occurs by means of three distinct ways: a H+-driven antiport (Klein et al., 
1996), dependent on the electrochemical proton gradient generated by H+-ATPase and H+-PPiase activity; a 
conformational change, after protonation and vacuole accumulation (Matern et al., 1983); an ATP-dependent 
transport, mediated by an ATP-binding cassette (ABC) transporter, of the glutathione-conjugated form, after 
glutathionation by glutathione S-transferase activity (Rea et al., 1998). In addition, it has been suggested by 
Debeaujon and coworkers (2001) the occurrence of another process, based on the presence of a 
proanthocyanidin precursor transporter in epidermal tissues of Arabidopsis seeds. 
The anthocyanin uptake has also been investigated as concerns the human metabolism at the gastric level 
(Passamonti et al., 2002). It has been shown that bilitranslocase (BLT), a plasma membrane organic anion 
carrier localized at liver and gastric mucosa cells (Sottocasa et al., 1989), is competitively inhibited by 
anthocyanins, either as aglycons or mono- and di-glycosyde derivatives. Evidences corroborates the hypothesis 
that this protein may be involved in gastric uptake of anthocyanins (Passamonti et al., 2003). This carrier is 
expressed also in the epithelium of the gastric mucosa (Battiston et al., 1999; Passamonti et al., 2000), thus it 
could be involved in transport of nutritionally relevant substrates. Indeed, various classes of plant polyphenols 
turned out to be bilitranslocase substrates (Passamonti et al., 2002). The possibility that absorption of 
micronutrients (such as nicotinic acid) (Passamonti et al., 2000) and plant polyphenols (Passamonti et al., 2003) 
takes place at the stomach level has been tested. The gastric pathway of plant polyphenols is interesting, since it 
would enable these compounds to enter the circulation and be distributed to the liver before the absorption of 
other components of a meal. 
It has been hypothesized that a transporter similar to BLT may be present also in plant cells, where it may 
catalyze the membrane transport of anthocyanins. Kinetic analysis has shown that there is an analogy between 
BLT and the plant carrier, although this indicates a different affinity for distinct substrates. In particular, there 
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have been recognized almost two binding sites between cyanidin-3-glucoside and the carrier: the first one with a 
low affinity at the level of pore; the other one with high affinity, localized on the external surface of the protein, 
where it is probably involved during the substrate recognition phase. 
The positive influence of polyphenols on the human health resides in its already demonstrated activities as anti-
oxidant, chemopreventic, antitumoral, antiaggregant, regulatory of the immune response, and preventive of 
DNA damage (Fauconneau, Waffo-Teguo, 1997). 
The anti oxidant activity could be measured by the ORAC (Oxigen Radical Absorbance Capacity), which vary 
among fruit species (Wang et al., 1996)(tab. 2).  
The presence of antioxidants in food is important for the health-conscious consumers  aware of the healthy 
nutrition, and the food industry is becoming more and more interested in preparing ‘functional foods’, those 
containing various factors to ensure or enhance health (Finley et al., 2011). An healthy diet should take into 
account 5000 ORAC units per day (Cao et al., 1993). 
Moreover, many other components such as vitamins (especially vitamin C, tab. 3) are responsible for the 
healthiness of the fruits. 
The Italian agricultural production is relevant: in the year 2010 the total value reached 10 billion Euros, and the 
fruit production accounted the 13 %. The 85 % of the fruit arrives at the fresh market, and  15 % at the industry. 
The berry fruit represents only 1.2 % of the total (INEA, 2011) but its importance is increasing.  
In the last years the Italian consumers have increased the knowledge of the importance of the fruit in the daily 
diet in order to reduce the risk of various pathologies. An analysis of the daily polyphenol intake from fruit and 
vegetables, in the nearby France, has been published by Brat and coauthors (2006). 
 
BERRIES AND MINOR FRUITS 
Temperate climates 
Cornelian cherry (Cornus mas L.). It is spontaneous in Central and South Europe, in sun exposed areas. It is a 
deciduous bush or small tree, 2-6 m height. Fruit is rich in Vitamin C, fructose, minerals and tannins; it is used 
to prepare  beverages, jams, jellies and cakes. The juice is useful against fever and cold, atherosclerosis and 
hypercholesterolemia (Rafieian-Kopaei et al., 2010). The nutraceutical activity depends on the culture 
environment, the level of fruit maturity, and it is related to the high amount of flavonoids (especially quercitin) 
and antioxidant activity (Pawlowska et al., 2010). 
Red Raspberry (Rubus idaeus L.). It is a shrub 1-2 m high, and could be cultivated till 1700 m a.s.l. The 
drupes have high antioxidant activity and are rich in phenols, flavonols such as kaempferol, myricetin and 
quercitin: in the cv Willamette the content reached 2.40, 0.26 and 0.71 µg/g FW respectively (Milivojević et al., 
2011).  
Bilberry (Vaccinium myrtillus L.). This is a perennial shrub 0.10 -0.40 m high, spontaneous in mountain 
forests, in acidic soils. Berries are rich in fiber, minerals (calcium and iron), vitamin C, and some antioxidant 
compounds such as anthocyans and  proanthocyanidins (Beccaro, Mellano, 2006; Beccaro et al., 2006). The 
flavonoid constituents and their contribution to antioxidant activity of the Vaccinium genus, have been found by 
Shiow and coauthors (2011). Fruits are consumed fresh, but processing is  very important (jam, liquor, …). The 
nutraceutical value of the processed berries is related to the fruit selection criteria and the different techniques of 
processing (Mellano et al., 2010). Thanks to the high antioxidant activity, the derivatives of this species are very 
useful in the treatments of the circulatory disorders, especially in capillary fragility (retina and vein); it is also 
useful for treatment of  abdominal colics, diarrhea and cystitis (Prior et al., 1998). 
Buckthorn (Hippophae rhamnoides L.). It belongs to the Eleagnaceae family, and it is widely cultivated in 
Germany and North Europe, since it is adapted to low temperatures. The bush may reach 3-4 m of height. The 
berries are rich in flavonols (Mellano et al., 2008), vitamins (A, C, E, F, 13, K and B group), and mineral 
elements such as iron, calcium, magnesium and copper. A specific study on different cultivars have been done 
in Hungary, showing that the selected cultivars had bigger fruits, with no difference in the content of vitamin C 
(Bernath, Foldesi, 1992). Some preparations of Buckthorn are recommended for body external applications such 
as skin burns, X ray and radiotherapy treatments. For its nutraceutical peculiarities, the juice is used  as diet 
integrator of the astronauts during the space flights. 
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Black currant (Ribes nigrum L.). This shrub, belonging to the Saxifragaceae family, can reach the height of 2 
m,; it grows in the Euro-Asian mountains. It could be found spontaneous in the mountains of Northern Italy, but 
more frequently is cultivated. The extracts from different part of the plant show high antioxidant activity (Tabart 
et al., 2011). The floral bud has more phenol content than berry, and also the leaves have high phenol content. 
The content of ascorbic acid, phenols and anthocyans in black currant berries has been found higher than in  
Rubus ulmifolius, Rubus idaeus, Ribes rubrum and Sambucus nigra (Wu et al., 2004). Leaves and shoots are 
commercialized as food integrators. The leaf extract has an anti inflammatory effect. 
Wild rose (Rosa canina L.). It is a wild thorny shrub, that may reach the height of 2 m, thriving along the 
countryside roads and low mountain areas. The main nutraceutical components are located in the rosehip: 
essential oil (citronellol), flavonols, proanthocyanidins, vitamin C, but also the fruits are rich on polyphenols 
and present an high antioxidant activity (Mellano et al., 2008). The rosehip extracts are very effective for the 
blood vases and ocular apparatus (Lieutaghi, 1981). The rosehip extracts can act as antioxidant or prooxidant, 
depending on their concentration  (Altiner et al., 2010). 
Elderberry (Sambucus nigra L.). The elderberry is a small tree living in humid forests and neutral or basic 
soils. The berry contains vitamins A and C; in the epicarp and endocarp are located the anthocyans, while the 
seeds are rich in cyanogenetic glucosides. All the parts of the plant are used in traditional medicine and 
pharmacopoeia. The berries are processed in jam, with laxative and diurectic effects. 
Experimental data of anthocyanin and polyphenol content and antioxidant activity in different genera and 
cultivars of berry fruit species found in Piedmont, North West of Italy, are reported in tab. 4 and 5. 
Tropical and subtropical climates 
Barbados Cherry (Malpighia glabra L.). Called also Acerola, belongs to the Malpighiaceae family. Native of 
South America, it may be found in tropical and subtropical environments, but it can tolerate temperature no 
lower than -2 °C; it prefers calcareous and dry soils. It appears as a bush or small tree, till 6 m high. The berry is 
rich in vitamins (C, A, B1, B6), flavonoids and mineral elements such as calcium, phosphorus, iron, potassium 
and magnesium. The berry has the highest content in Vitamin C: from 1500 to 4500 mg for one edible portion, 
that means 90 times that of an orange, and 35 times that of a lemon. This vitamin C is more quickly absorbed by 
the organism than the synthetic one.  The fruit is astringent, with antioxidant and anti-fungal activity, due to the 
high polyphenols content. Unripe fruit contains more vitamin C and has more antioxidant activity than the ripe 
one (Vendramini, Trugo, 2000; Assis et al., 2001), moreover unripe fruit presents also an antigenotoxic 
(protection of DNA) effect (Nunes et al., 2011). Among the main utilization by processing, the extracts are used 
to produce anti-aging cosmetics. 
Guava (Psidium guajava L.). Native of Central America, belongs to the Mirtaceae family, and it is grown in 
several tropical areas. It is an evergreen shrub, 4-6 m high. Fruits are rich in Vitamin C: from 350 to 450 mg per 
ripe fruit, 5 times more than that of an orange fruit. Fruits are also rich in tannins, polyphenols, terpens, 
flavonoids, essential oils,   fibers, vitamins, fatty acids and minerals (calcium, phosphorus, iron and manganese) 
(Jimenez-Escrig et al., 2001). Leaf extracts have antiseptic activity, especially against Staphilococcus spp, 
particularly against Staphilococcus aureus (Gnan, Demello, 1999). Antitumor and antibiotic activities are due to 
the presence of high amount of quercitin. An anti-hyperglycemic effect of the fruit extracts has been found by 
Roman-Ramos and coauthors (1995). 
Pomegranate (Punica granatum L.). This very old fruit tree species (1-4 m high) belongs to the Punicaceae 
family and  is native of Iran, Northern India, Caucasus spread from ancient times in the Mediterranean basin. It 
played (and continues to play) an important role in the traditions and religions of Europe and Asia. It is drought 
and cold resistant. All the fruit parts are very rich in polyphenols, particularly ellagitannins, with antioxidant 
activity, higher than some teas and wines. Pomegranate extracts are used to treat arteriosclerosis. It is traditional 
the use of pomegranate juice as a adjuvant to prostate cancer therapy; this could be supported by the presence of 
brevifolin carboxylic acid in the fruit which has demonstrated a strong cytotoxic activity against human tumors. 
Moreover brevifolin carboxylic acid has been suggested as potential hepatoprotective agent and proposed for 
prevention and treatment of diseases caused by retrovirus, such as HIV (Fischer et al., 2011). The antimicrobial 
activity of the fruit juice could elongate the meat shelf-life (Vaithiyanathan et al., 2011).      
 
Tamarind (Tamarindus indica L.). This tree, native of tropical Africa, belongs to the Leguminosae family, and 
it is spread in all the tropical boundary, and also in Eastern India, Mexico, Brazil, Antilles. The total phenolic 
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content and the antioxidative properties of raw and dry heated seed coat was found very high, especially against 
fatty acids with values higher than ascorbic acid (Siddhuraju et al., 2007), and this could contribute to increase 
the food self-life. 
CONCLUSIONS 
    Berry and minor fruit represent an interesting expression of past and modern fruit culture. Their cultivation 
and marketing is increasing worldwide due to an always greater interest related to the nutritional and nutraceutic 
properties of fruits, leaves and other parts of the plants. These species play an important dietetic role: they 
represent a valuable source of active compounds useful to prevent diseases and physiological disorders. The 
amount of active principles is related to genotype/environment interaction and agrothecniques adopted, and this 
variability can be a valuable element to distinguish the productions, and a tool of differentiation to obtain label 
certifications and to promote their use. In addition, berry and minor fruit are useful to restore marginal and 
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Table 1 – Total Phenol content (TPC) of fresh fruit, expressed as gallic acid equivalent (GAE) (Modified from 
Brat et al., 2006) 
Rank Common name Fruit lot Mean TPC Min Max 
                                            mg of GAE/100 g FEP 
 
1 Strawberry 1 263.8 – – 
2 Lychee 1 222.3 – – 
3 Grape 3 195.5 134.1 275.5 
4 Apricot 4 179.8 103.1 318.3 
5 Apple 9 179.1 90.2 300.0 
6 Date 1 99.3 – – 
7 Cherry 1 94.3 – – 
8 Fig 1 92.5 – – 
9 Pear 4 69.2 40.7 148
10 White nectarine 1 72.7 – – 
11 Passion fruit 1 71.8 – – 
12 Mango 1 68.1 – –
13 Yellow peach 1 59.3 – – 
14 Banana 1 51.5 – – 
15 Pineapple 2 47.2 32.7 61.6
16 Lemon 2 45.0 34.6 55.3 
17 Yellow nectarine 1 44.2 – – 
18 Grapefruit 2 43.5 39.3 47.7
19 Orange 5 31.0 27.0 36.5 
20 Clementine 3 30.6 22.7 38.7 
21 Lime 1 30.6 – –
22 Kiwi 2 28.1 26.1 30.0 
23 Watermelon 1 11.6 – – 
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Tab. 2 – ORAC content in some fruits (Modified from several sources). 
Fruit  Serving size  Units  
Apricot  3 fruits 172  
Melon  3 slices  197  
Pear  1 fruit 222  
Banana  1 fruit 223  
Peach  1 fruit 248  
Apple  1 fruit 301  
White grape  1 cluster  357  
Kiwi  1 fruit 458  
Black grape  1 cluster  569  
Avocado  1 fruit 571  
Plum  1 fruit 626  
Orange  1 fruit 983  
Orange juice 1 glass  1142  
Strawberry  1 cup  1170  
Pink grapefruit  1 fruit 1188  
Grapefruit juice  1 glass 1274  
Black currant 1 cup  1466  
Blueberry 1 cup  3480 
 
Tab. 3 – Content in vitamin C of fresh fruit (modified from www.naturalhub.com) 
Fruit Latin name mg vitamin C/ 100 
grams 
mg vitamin C per average size 
fruit/slice 
  Acerola  Malpighia glabra 1.677 80 
 Apple Malus sylvestris  6 8 
 Apricot Prunus armeniaca  10 4 
 Banana Musa X paradisiaca  9 11 
Barbados Cherry Malpighia glabra 1.678 112 
Bilberry Vaccinium myrtillus 1 0.01(estim) 
Blackberry Rubus sp. 6 0.6(estim) 
Blackcurrant Ribes nigrum 155 to 215 1.5 to 2(estim.) 
Blueberry Vaccinium sp 1.3 to 16.4 no data 
Fig Ficus carica 2 1 
Grape, slip skin  Vitis spp 4 .01 
Grape, european Vitis vinifera 11 .60 
Grapefruit Citrus paradisi 34 44* 
Guava, Cattley  Psidium cattleianum 37 2 
Guava, tropical Psidium guajava 183 165 
Java plum Syzgium cumini 14 .42 
Jujube Ziziphus jujuba 500 no data 
Kiwifruit, green Actinidia deliciosa 98 74 
Kiwifruit, yellow Actinidia chinensis 120 to 180 108 to 162 
Lemon juice Citrus limon 46 3 
Lime juice Citrus aurantifolia 29 1 
Loquat Eriobotrya japonica 1 .5 
Lychee Litchi chinensis 72 7 
Mango Mangifera indica 28 57 
Medlar Mespilus germanica 0.3 0.15(estim) 
Melon, cantaloupe Cucumis melo 42 29 
Melon, honeydew Cucumis melo 25 20 
Orange Citrus sinensis 53 70 
Opuntia cactus Opuntia spp. 23 no data 
Papaya Carica papaya 62 47 
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Pawpaw/Asimina Asimina triloba 14 28(estim) 
Passionfruit, purple Passiflora edulis 30 5 
Peach Prunus persica 7 6 
Peach, canned Prunus persica 3 3 
Pear Pyrus communis 4 7 
Persimmon, 
American 
Diospyros virginiana 66 13(estim.) 
Persimmon, Oriental Diospyros kaki 40 40(estim.) 
Pineapple Ananus comosus 15 13 
Plum Prunus sp 10 6 
Quince Cydonia oblonga 15 15 
Raspberry Rubus spp. 25 .5 
Raspberry Rubus spp. 23 to 32 0.7 to 1 
Redcurrant Ribes sativum 58 to 81 0.58 to 0.81(estim) 
Rosehip Rosa pomifera cv.'Karpatia' 1.500 45(estim.) 
Rosehip Rosa sp. cv.'Pi Ro 3' 1.150 34(estim.) 
Rosehip Rosa sp. cv.'Vitaminnyj-
VNIVI' 
2.000 to 2.500 60 to 75(estim.) 
Strawberry Fragaria x ananassa 57 7 
Tangerine/Mandarin Citrus reticulata 31 26 
Tamarillo, red Cyphomandra betaceae 40 40 
Tamarillo, red Cyphomandra betaceae 31 22 
Tamarillo, yellow Cyphomandra betaceae 33 30 
Tamarillo, yellow Cyphomandra betaceae 31 22 
Watermelon Citrullus lanatus 10 27 
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Tab. 4 – Antioxidant activity (FRAP), antocyanin and total phenolic content in berry fruit species of 
genera Rubus and Vaccinium in Piedmont, North West Italy.   
 






 (GAE) rank mmoli Fe2+  /kg rank
Rubus idaeus L. Tulameen 25 ghil 17 316 cdefgh 8 51.13 efghi 15 
Rubus idaeus L. wild 100 cdefghi 10 478 bcdefg 2 63.37 cdef 11 
Rubus ulmifolius Schott. Chester 101 cdefgh 9 355 bcdefgh 6 76.96 cd 9 
Rubus ulmifolius Schott. Lockness 110 cdefg 8 318 cdefgh 7 77.99 cd 7 
Rubus ulmifolius Schott. wild 300 ab 2 818 a 1 218.39 a 1 
Vaccinium corymbosum L. Darrow 30 fghil 15 212 fgh 13 20.16 m 25 
Vaccinium corymbosum L. Toro 83 fghil 12 257 defgh 11 27.17 lm 24 
Vaccinium corymbosum L. Berkeley 30 fghil 15 198 gh 15 31.26 hilm 22 
Vaccinium corymbosum L. Duke 79 fghil 13 199 gh 14 32.81 hilm 21 
Vaccinium corymbosum L. Coville 71 fghil 14 198 gh 15 33.54 hilm 20 
Vaccinium corymbosum L. Bluejay 113 cdef 7 166 h 17 35.17 ghilm 19 
Vaccinium corymbosum L. Earlyblue 123 cdefg 6 316 cdefgh 8 40.81 fghilm 18 
Vaccinium corymbosum L. Bluetta 142 bcde 5 294 defgh 10 42.30 fghilm 17 
Vaccinium corymbosum L. Brigitta 96 cdefghi 11 245 defgh 12 45.17 fghil 16 
Vaccinium corymbosum L. Elisabeth 174 bcd 4 359 bcdefgh 5 54.30 defgh 14 
Vaccinium corymbosum L. Elliott 231 b 3 459 bcdefgh 4 78.92 cd 5 
Vaccinium myrtillus L. wild 327 a 1 473 bcdef 3 147.81 b 2 
The same letter indicates means not significantly different for p ≤0.05 (Tukey test). 
 
 
Tab. 5 – Anthocyanin content in some species and cultivars in Piedmont, North West Italy. 
 
mg(cyanidine 3-gluc)/100 g
Hippophae rhamnoides L. 0 d
Rosa canina L. CM2 1.65 d
Rubus idaeus L. 45.47 d
Rubus nigrum L. PC 106 132.73 bc
Rubus nigrum L. PC 96 158.19 bc
Rubus nigrum L. Titania 191.18 b
Rubus nigrum L. Ben omond 218.91 ab
Rubus nigrum L. Tiben 271.34 a
The same letter indicates means not significantly different for p ≤0.05 (Tukey test). 
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